The lecture summarized our recent work in the fields of (i) catalytic asymmetric epoxidation and cyclopropanation, (ii) C-C coupling reactions, and (iii) dynamic kinetic resolution (DKR). The first section describes the use of chiral Ru-porphyrins as catalysts for the asymmetric epoxidation and cyclopropanation of nonfunctionalized olefins, and of peptides and alkaloid-based phase-transfer catalysts for the asymmetric epoxidation of enones. The second section highlights the application of the DIANANE-salen ligands (DIANANE: endo, to the asymmetric Nozaki-Hiyama-Kishi coupling of aldehydes with allylic and vinylic electrophiles, and of N-tosyl proline amides for asymmetric aldol additions. In the final section, bifunctional urea-based organocatalysts for the DKR of azlactones to provide enantiomerically enriched amino acid esters are presented.
the intermediate peroxyenolate (Scheme 2, bottom). The induction of asymmetry thus rests on the helical chirality of the peptide backbone.
Our mechanistic model explains why poly-amino acids do not efficiently catalyze the asymmetric epoxidation of cyclic Z-enones: Apparently, the binding site for the hydroperoxide anion is well positioned for E-enones, but not for Z-enones. One solution to the problem may be seen in the development of nonpeptidic cationic phase-transfer catalysts (PTCs) that deliver the nucleophilic oxidant in an enantioface-selective manner. Quaternary ammonium ions derived from cinchona-alkaloids have proven their potential in this respect, but enantiomeric excesses, for example, in the epoxidation of vitamin K 3 (3, Scheme 3), still need improvement [9] . We found that introducing an additional element of chirality into cinchona-based PTCs significantly enhances their performance in the asymmetric epoxidation of, for example, vitamin K 3 (3, Scheme 3). The novel (+)-quinidine-based PTCs 4a and 4b shown in Scheme 3 represent the "matched pairs" and afford the best enantioselectivities reported to date for the catalytic asymmetric epoxidation of vitamin K 3 (3) [10] . The corresponding "mismatched" diastereomers effect significantly lower enantioselection.
ASYMMETRIC C-C COUPLING
In 2003, we published the synthesis of the DIANANE-salen ligand 5 (DIANANE: endo,endo-2,5-diamino-norbornane) and its application in the catalytic asymmetric Nozaki-Hiyama-Kishi coupling (Scheme 4) [11] . As summarized in Scheme 4, the ligand 5 affords up to 92 % ee in the addition of allylic electrophiles to aldehydes. Furthermore, we could show that vinylic iodides and triflates can be employed as well: In the addition to the PMB-protected 3-hydroxypropionic aldehyde, the resulting allylic alcohols were obtained with up to 75 % ee. Our improved synthesis furnishes the DIANANE ligand 5 in large quantities [12] . See ref. [13] for a recent application of the ligand 5 by Paterson et al. in the enantioselective total synthesis of the 11-desmethyl analog of the marine natural product (+)-laulimalide.
